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Course objective

This course will provide you with the basic 

knowledge to understand and interpret data



Course outline

1. Understanding data

2. Descriptive statistics – Summarizing and describing 
your data

3. Inferential statistics - Making generalizations from 
survey results

4. Searching for relationships between variables

5. Review and question period



SECTION 1

Understanding data

1. Concepts

2. Definitions



SECTION 1.1

• Understanding data: Concepts



What is analysis?

• Gathering facts/data

• To describe a population or phenomenon

• To alter or support an underlying theory

• Understanding data

• By adding prior knowledge or background

• By contextualizing or putting into perspective



Three important analytical concepts

1. Population

• All the units of interest

• Time or geographic reference

• Size



Three important analytical concepts

2. Variable

• A variable is a characteristic that may assume more 
than one value to which a numerical measure (data) 
can be assigned

• Each field of a questionnaire represents a variable

• Height, age, income, and place of birth are all examples 
of variables



Three important analytical concepts

3. Types of Data

• How the variable was measured is important 

because it determines the tools that are 

available to analyse the data

• The diagram on the next slide shows how data 

types are related



Data

Categorical

Nominal Ordinal

Quantitative

Discrete Continuous



Categorical data

• A way of representing characteristics, such as gender, 

languages spoken, types of diseases, or clothing sizes. 

• For example, languages spoken could be French, English, 

German, Spanish.

• The categories are referred to as classes or 

classifications

• Every possible value for a characteristic should be in 

one, and only one, category



Categorical data: Nominal

• Categories or labels are in no particular order or 

ranking 

• Can be analyzed and summarized using 

frequencies, proportions, percentages, cross-

tabulations, and mode

• Can be visualized using pie and bar charts



Categorical data: Ordinal

• Categories are ordered or ranked on some natural scale

• For example, small, medium, and large

• Can be analyzed and summarized using frequencies, 

proportions, percentages, and cross-tabulations

• Can be visualized using pie and bar charts

• Can use percentiles, median, mode and interquartile 

ranges



Quantitative data

• Can be discrete or continuous

• Discrete data can only take on certain values

• Discrete data can be counted

• For example, number of sheep on a farm

• Continuous data represent measurements 

• Continuous data can take on an infinite number of 
values

• For example, distances



What is the data type?

• The university program a student is studying

• The time it takes to complete this exercise

• The temperature outside right now

• The number of people who make a purchase at 

a certain store

• Rank based on person’s age in the household



Quantitative data – be careful with zero

• Sometimes zero means there is none of something

• Zero apples means there are no apples

• Sometimes zero means something 

• Zero degrees Celsius means it’s cold, not that there is no 

temperature!

• Sometimes negative values are valid

• If I have -$5 it means I owe $5

• Sometimes negative values are not valid

• There cannot be -5 sheep on a farm



SECTION 1.2

• Understanding data: Sources



Start with a research question:

The analytical approach

• Determine a preliminary plan of analysis

• Define or identify the population of interest

• Identify your information requirements: the 

variables of interest

• Determine the primary analytical outputs of 

your study

• What data are available?



Analytical requirements: Example

• Determine the relationship between incidence of 
respiratory illness among children and household 
smoking status:
• Among Canadians/British Columbians/Vancouver 

residents?

• Current situation versus historical relationship?

• Children of what age?

• Define concepts and variables

 For example: smoking status, respiratory illness

• Alternative relationships such as heredity

• Availability of information



Analytical requirements

• When gathering or compiling data for your 

research you have a few different options:

• tabular data, a.k.a. aggregate data

• existing micro-data

• conduct your own survey



Tabular data look like this…

503245258Total

2361011355 years or more

267144123< 5 years

TotalFemaleMaleLength of Service (LOS)

Distribution of Employees by Sex & Length of Service



Microdata look like this …

248325404225.2503

353000405930.0502

.....Etc.

......

......

22400011350.26

22923011462.55

12203011270.24

332479306110.03

22910020282.12

12701410291.21

RegionSALARYOCCUPSEXAGELOSEMPLOYEE#

Microdata – Survey Data Example



Understand the source of your data

• Before you start “crunching the numbers”, familiarize 
yourself with the data source

• Knowledge of Survey Methods
• Improves your interpretation of the findings

• Allows for critical analysis

• Allows for comparisons

• This will help you to better understand the strengths 
and  limitations of the data you are using



Some questions for the analyst

• What was the purpose of the survey or data source?
• Knowing the reasons why the data that you’re using were 

collected can help you decide whether or not the data are 
appropriate for your analysis

• What population was used for the survey?

• How were the data collected?

• How were the variables measured?

• When were the data collected?



Some questions for the analyst (Cont.)

• What sampling method was used for the survey and 
how large was the sample? 

• Are there any obvious sources of non-sampling error 
in the data?

• What was the response rate of the survey?

• Who conducted the survey, or where did the data 
come from?



What population was used for the survey?

• We want the survey results to apply to a 

population. The population is defined by:

• the units of interest,

• their defining characteristics,

• the geographic location of the survey units,

• time reference period for the survey, and

• the population size (population may be large or small)



Populations

• Target Population
• The units that we want to cover and get estimates for

 Example: all university students enrolled in school year 2018-
2019 in the province

• Frame 
• Physical means to access the population

• Survey Population 
• The units which we can feasibly cover / contact

 Example: restrict to fulltime, excluding international students



How were the data collected?

• Sample unit 
• The unit available to be sampled

 Example: individuals, families, households

• Respondent unit 
• The person that you communicate with to gather 

information on the reference unit

• Reference unit 
• That which you are gathering data about (reference and 

respondent units may or may not be the same)



Examples of units

• Garbage

• Medical Use

• Child Care

Reference Unit

Households

Sample Unit 

Households

Respondent

??

Reference Unit

Adult

Sample Unit 

Households (1) ?

Respondent 

Adult

Reference Unit

Child

Sample Unit 

Child

Respondent 

Care giver



How were the variables measured?

Variable definitions

• Different surveys or studies can define similar 
concepts in different ways

• There are many different ways to define “Income”
• Income before taxes

• Income after taxes

• Employment Income

• Individual Income

• Family Income

• Household Income



When were the data collected?

• Other than the differences that can (will) be seen 
when comparing data sources from different years, 
there can be differences if the sources have 
collected the same data at different times within a 
year

• Seasonal adjustment refers to adjusting a time 
series dataset for differences that occur due to 
seasonality. Seasonal adjustment allows data to be 
compared within a year



An example of seasonal adjustment: 

Employment

“Raw” estimates

Seasonally-adjusted estimates000’s



What sampling method was used for the 

survey?

• Probability Sampling Techniques

• Inferences can be made about the population from 
which the sample was selected

• These techniques include simple random sampling, 
systematic sampling, etc.

• Each population unit has a chance of being selected 
in a random sample



What sampling method was used for the 

survey? (cont.)

• Non-Probability Sampling Techniques

• Unless strong assumptions are made, no legitimate 
inferences can be made about the population from 
which the sample was selected

• These techniques include quota and volunteer 
sampling. They are often used for exploratory studies 
because they are easier to administer and the survey 
fieldwork can be completed quickly



How large was the sample for the survey?

• Whenever we obtain data from a sample survey (versus a 
census), the data are subject to “sampling error”

• By definition, “sampling error” is caused by studying only a 
portion of  the population: the sample selected from the survey 
may be different from the population from which it was drawn

• Sampling error can be controlled through survey design and, 
most effectively, by having a large sample

• Sampling error can also be estimated from the survey data.  
(We will cover this more in the section on inferential statistics)



Are there any obvious sources of non-

sampling error in the data?

• All errors other than sampling errors

• Present in sample surveys and censuses

• Random errors and biases

• Very difficult to measure

• Some of the major sources of non-sampling error include
• coverage,

• response,

• non-response, and

• processing



What was the response rate for the survey?

• Response rates can 
radically affect the 
validity of survey 
results

• A poor response rate 
may lead to bias in 
the survey results



Who conducted the survey?

• The two most important questions to ask 

yourself when reading a report containing 

statistics are “Who wrote this?” and “What do 

they want?”

• Try to read with a critical eye the statistics you 

encounter in the media, in reports and other 

documents



Read statistics with a critical eye

• Deadly traffic toll up by 90% in the first six 
months of the year

• Deadly accidents down by 22%
• The reality is that

 10 died in 9 fatal accidents in the first 6 months of 2008, and

 19 died in 7 fatal accidents in the first 6 months of 2009

• 1 accident with multiple deaths (2) in 2008

• 3 accidents with multiple deaths (5 each) in 2009



SECTION 2

• Descriptive statistics



Descriptive vs. inferential statistics

• Descriptive Statistics

• Methods used to summarize, organize, and simplify 

data

• Inferential Statistics

• Techniques that allow us to study samples and then 

make estimates, predictions or “inferences” about the 

population from which they were selected



Topics in descriptive statistics

1. Proportions and frequency distributions

2. Measures of central tendency
• Mean

• Median

• Mode

3. Rates and ratios

4. Indexes

5. Measures of dispersion
• Range

• The inter-quartile range

• Standard deviation

6. Standard deviation and the normal distribution



SECTION 2.1

• Proportions and frequency distributions



Proportions and frequency distributions

• One of the most common procedures for organizing a set of data is to place 
the scores in a frequency or percentile distribution

• A frequency distribution lists each category and the corresponding number 
of observations

• A percentile distribution is simply a conversion of a frequency distribution 
showing the proportion of observations that fall in each category

• Frequency and percentile distributions can be presented numerically in a 
table or graphically in a chart

• They can help you discover extreme observations or unexpected patterns in 
your dataset



Displaying frequency distributions

• Numeric display
• Table of counts, percentages, or proportions

• Graphical display
• Histogram or bar chart, line graph, pie chart

• A relative frequency (proportion) distribution is calculated 
by taking each count in a frequency distribution and 
dividing by the sum total of the frequency counts

• Multiplying this number by 100 converts it into a 
percentage distribution



Example: Frequency counts
Physical activity by sex, Household population in Canada aged 12 and 

over, 2014

38. Population aged 12 and over who reported the nature, frequency and duration of their participation in leisure-time physical 

activity.

39. Respondents are classified as active, moderately active or inactive based on an index of average daily physical activity over the 

past 3 months. For each leisure time physical activity the respondent is engaged in, an average daily energy expenditure is calculated 

by multiplying the number of times the activity was performed by the average duration of the activity by the energy cost (kilocalories 

per kilogram of body weight per hour) of the activity. The index is calculated as the sum of the average daily energy expenditures of 

all activities. Respondents are classified as follows: 3.0 kcal/kg/day or more = physically active; 1.5 to 2.9 kcal/kg/day = moderately 

active; less than 1.5 kcal/kg/day = inactive.



Example: Frequency counts
Physical activity by sex, Household population in Canada aged 12 and over, 2014

Source:  Statistics Canada, Canadian Community Health Survey

0

1,000,000

2,000,000

3,000,000

4,000,000

5,000,000
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7,000,000

8,000,000
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Example: Relative frequency
Physical activity by sex, Household population in Canada aged 12 and over, 2014

Source:  Statistics Canada, Canadian Community Health Survey
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Grouping data

• When presenting data, your choice of groupings can 
be important

• Groupings should respect natural categories

• They should facilitate comparison with the groupings 
of other studies

• The groupings should be intuitive for ease of 
interpretation



Female reaction times (ms)

Male reaction times (ms)

436359425304331400217272426325650406330600573411128175163180

425408281317375219368374744716422558281318494594270293233176

27337724628024123431025770942469147246062656710421225489205108

395248387300322444310378627415603463714685381752765680596247

4033492742433978558918013617063335563722615639571031764761154

212387205263261335286362351549523588473323558955445218384186

351203306351423318262369474357604697570523742533335315351155

297319215373448287204325431253571706410646532703906612244340

3213044363702612112484437285275003096975455381048794282152186

312235322228356845852878342599438532479257527415364173211129



Distribution of reaction times

1.000100%100%200Total

0.020100%2.0%41000+

0.01598.0%1.5%3900-999

0.03096.5%3.0%6800-899

0.07093.5%7.0%14700-799

0.06586.5%6.5%13600-699

0.11580.0%11.5%23500-599

0.15068.5%15.0%30400-499

0.26053.5%26.0%52300-399

0.21027.5%21.0%42200-299

0.0656.5%6.5%13100-199

ProportionCumulative PercentPercentFrequency
Reaction Time  

Class (ms)

Table: Reaction times of male and female subjects



Distribution of reaction times: Male and 

Female combined

0

10

20

30

40

50

60

Reaction Time Class (ms)

F
re

q
u

en
cy



Distribution of reaction times by male, female

Distribution of reaction times

3%31%11000+

1%12%2900-999

3%33%3800-899

9%95%5700-799

8%85%5600-699

7%716%16500-599

18%1812%12400-499

24%2428%28300-399

20%2022%22200-299 

7%76%6 100-199 

Percent 

Distribution
Frequency

Percent 

Distribution
Frequency 

Reaction Time 

Class (ms) 

FemalesMales 



Reaction time distribution by male, female
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SECTION 2.2

• Measures of central tendency



Measures of central tendency

• The goal of central tendency is to describe a group 
of individuals (or more accurately, their data) with a 
single measurement

• Central tendency is a statistical measure that 
identifies the single most representative score for an 
entire distribution of scores

• The three most common ways to measure central 
tendency are the mean, the median, and the mode



The mean

• One of the most widely used central measures of tendency

• More commonly referred to as the average

• The mean (or average) for a distribution is the sum of the 
data for a variable divided by the number of individuals with 
that data

Sum         s

Total number
Mean =



Calculating the mean: Example

• In this example:
 Sum of part-time incomes = 

$525,000

 Total people  = 15

• Therefore, the mean (or 

average) part-time 

income is...
 $35,000

 ($525,000/15)

S

Person Income

Byron 10,000
Louise 12,000
Greg 20,000
Anne 23,000
Derek 28,000
Sonya 29,000
James 34,000
Brendan 34,000
Tim 34,000
Mark 34,000
Patrick 38,000
Will 45,000
Lara 50,000
Harry 56,000
Jocelyn 78,000
N = 15 Sum = $525,000



Extreme scores and the mean

• But if we add a new 
person with an income of 
$1,000,000, the mean 
would be…

 $1,525,000 / 16

 =$95,312.50

• Therefore, even a single 
extreme value can 
significantly affect the 
mean

Person Income

Byron 10,000

Louise 12,000

Greg 20,000

Anne 23,000

Derek 28,000

Sonya 29,000

James 34,000

Brendan 34,000

Tim 34,000

Mark 34,000

Patrick 38,000

Will 45,000

Lara 50,000

Harry 56,000

Jocelyn 78,000

new person 1,000,000



The median

• The median is the value of the middle 

observation in the distribution, when the 

observations are ordered by size

• For example:   5, 6, 7, 8, 8, 9, 9, 9,12, 15, 21

• The median is 9 The median is the 
middle value in a 

distribution



Extreme scores and the median

• Consider the following data sets:

• Data set A: 5, 6, 6, 7, 8, 9, 9, 9, 12, 15, 21

• Data set B: 5, 6, 7, 8, 8, 9, 9, 9, 12, 15, 275

• The median has not changed, despite the inclusion 
of a large number, 275, in the second set of 
numbers

• The median is not as susceptible to change by 
outlying values in the data set as the mean



What happens when you have an even 

number of values?

• Select the middle pair of values, add them together, 
and divide by 2

• For example, if you have 5, 6, 7, 8, 8, 9, 9, 12, 15, 21
in your distribution, select the middle pair of values (8 
and 9), add them together, and divide by 2

2

98
Median




2

17
 5.8



Ranks and percentiles
• The median is the 50% value

• Just as the median is the value that splits the distribution 
of scores in two, other measures can be used to split the 
distribution into more than two parts
• Quartiles are the values that split the distribution into four equal 

parts – 25%, 50%, 75%

• Quintiles are the values that split the distribution into five equal 
parts – 20%, 40%, 60%, 80%

• Deciles are the values that split the distribution into ten equal 
parts – 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%

• These measures are often used to examine income 
inequality and in public health



The mode

• In a frequency or percent distribution, the mode 

is the group with the highest frequency or largest 

number of observations

• It is possible to have more than one mode (bi-

modal, tri-modal, etc.)



Comparing the mode, the median, and the 

mean

• The mean is usually considered the best 

measure of central tendency.  Since it uses 

every score in the distribution, it is usually a 

good representation of the distribution

• However, there are cases where the mean is not 

the best measure...



Comparing mean, median, and mode

• Scenario 1: In the case of nominal or ordinal data, the 
mode is the only measure of central tendency to be used

• Scenario 2: In the case of extreme scores in a 
distribution, the median usually provides a better 
measure of the central tendency of the distribution, but it 
is more difficult to use for further calculations

• Scenario 3: In the case of a multimodal data set, report 
the modes, and be careful using the median and the 
mean



Exercise: Measures of central tendency
In this distribution, what measures of central tendency do the lines X, Y and Z 
represent?

• X   is the _________________

• Y   is the _________________

• Z   is the _________________

Suppose this graph represents NHL player salaries.

A.  If you are representing the owners             Number of 

and the league, which measure of                   players

central tendency helps you to make 

the case that player salaries are too 

high?  

B.  If you are the representative for the 

players’ union, which measure of 

central tendency will help you make the case that salaries are not too high?

C. Which measure of central tendency is likely to provide the best representation of players’     
salaries?

X Y  Z

Frequency of 
NHL players



SECTION 2.3

• Rates and ratios



Rates

• A rate is similar to a percent 

distribution in that it allows you to 

compare the characteristics of 

different size populations to each 

other on an equal basis or “on a 

level playing field”

• A rate is usually one class of objects 

divided by another class of objects usually 

at a time point, multiplied by a constant 

(e.g. times 100 or 1,000, etc.) 



Examples of common rates

• The participation rate

= ___ Labour force             X 100

Population 15 years and over

• The unemployment rate

= No. of unemployed             X 100

Sum of employed + unemployed

• The birth rate

=      No. of births in a year X 1000

Total population



Growth rate

• A growth rate is a special type of rate that compares the same 

characteristic over time

• A growth rate is the value of the characteristic at Time 2 (the more 

current time period) minus its value at Time 1 (the older time period) 

divided by its value at  Time 1, all multiplied by 100

(V time 2 - V time 1)  

Growth rate =     ------------------------- X 100
V time 1



Growth rate example
In 2011, Wood Buffalo had a population of 66,896, whereas 5 years earlier 

(2006 Census), it had a population of 52,643. Winnipeg in 2011 had a 

population of 730,018, whereas 5 years earlier, it had a population of 694,670. 

Which community grew faster in the 5-year period?

Growth rate Wood Buffalo 2006 to 2011 = 

(66,896 – 52,643) / 52,643 x 100 = 27.1%

Growth rate Winnipeg 2006 to 2011 = 

(730,018 – 694,670)/694,670 x 100 =  5.1%

Much 

higher!

However, in 2016, Wood Buffalo had a population of 73,320 and Winnipeg had 

a population of 778,489. Thus, the:

• growth rate for Wood Buffalo from 2011 to 2016 was (73,320 – 66,896) / 

66,896 = 9.6%; whereas the

• growth rate for Winnipeg from 2011 to 2016 was (778,489 – 730,018) / 

730,018 = 6.6%



Ratios

• Ratios are very similar to rates

• A ratio is the relation between two groups and is 

expressed by dividing one group by the other

• Often expressed in the form 2:1

• Size of groups is lost



Examples of ratios

• Sex ratio (male to female)  = Males 

Females

• Dependency ratio = (Pop. under 15  +  pop. 65 & over)

Pop. 15-64 years of age



SECTION 2.4

• Indexes



Indexes

• An index is simply the relative value of a 

composite variable in comparison with itself on a 

different date (usually referred to as a base 

period)

• Indexes are purely abstract

• The main purpose is to track change over time 



The Consumer Price Index (CPI)

• The consumer price index 
(CPI) is a measure of inflation 
in the economy. It tracks price 
change across a specific 
basket of goods and services 
across the country

• The current base period used 
for the CPI is 2002=100.  The 
graph shows that the 
September 2017 value of the 
index was 130.6 Prices have 
increased by about 30.6% 
since 2002. 

Source: Statistics Canada Daily October 20, 2017, seasonally-

adjusted



The Beef index
Since 1971, beef prices have been rising steadily, 

at about 5% per year, on average. However, beef 

prices have gone up considerably in recent 

years. In 2014, beef prices rose 14% on an 

annual average basis; in 2015, they grew another 

15%. 

These sharp increases were mainly triggered by 

lower cattle inventories in Canada and the United 

States. In the four years leading up to the price 

spikes, Canadian and US cattle inventories 

declined by about 8%. Inventories fell mainly as a 

result of higher feed costs, severe weather 

(notably drought), and additional demand 

coinciding with disease outbreaks in other 

livestock. 

In 2016, beef prices stabilized, falling around 1%. 

Despite this decline, prices in 2016 remained 

nearly 30% higher than in 2013. The depreciation 

of the Canadian dollar and its sustained 

weakness since 2014 may have also contributed 

to higher beef prices in Canada in recent years. 

Source: Statistics Canada Daily September 22, 2017



SECTION 2.5

• Measures of dispersion



Measures of dispersion

• With descriptive statistics, our goal is not only to 
measure the central tendency of the scores in a 
distribution but also the variability of the scores

• Measures of dispersion provide a quantitative 
measure of the degree to which scores in a 
distribution are spread out or clustered together

• Measures of dispersion should always be reported 
together with measures of central tendency



Measures of dispersion

• An indication of how accurately the mean describes 

the distribution of scores

• An indication of how well an individual score (or 

group of scores) represents the entire distribution 

(this is important for inferential statistics)

• Common measures of dispersion include the range, 

the inter-quartile range and the standard deviation



The range

• The range is the distance between the largest 

score and the smallest score in a distribution. 

Once you have determined the highest and 

lowest scores, the range can be calculated using 

the following formula:

Range = highest score – lowest score



The range

• The range provides a quick and easy 
measure of the variability of a 
distribution.  However, it is often 
considered a crude and unreliable 
measure because it only considers 
the two most extreme scores in a 
distribution

• For example, consider the following 
exam scores of a group of 10 
students
• In this case, the range is 85 (95-10) 

this is clearly not a very good 
measure of the variability of the 
scores, especially since 9 out of 10 
students scored between 85% and 
95%

Student Exam Score

John 10%

Amy 85%

Tony 95%

Jill 95%

Erin 87%

Chris 90%

Peter 90%

Lynn 85%

Richard 95%

Susan 90%



The inter-quartile range

• A better type of range is the inter-quartile range.  

It is a “mini-range” based on values closer to 

the centre of the distribution of scores

• The inter-quartile range is the distance between 

the first quartile and the third quartile in a 

distribution, so Inter-quartile range = Q3 - Q1

MaximumMinimum

25% of all
observations

25% of all 
observations

25% of all 
observations

25% of all 
observations

Observations arranged in increasing order

Q1 Q3Q2 (median)



The standard deviation

• The standard deviation is the 
most commonly used measure of 
variability

• It uses the mean of the 
distribution as a reference point 
and considers the distance 
between each score and the 
mean

• In simple terms, the standard 
deviation approximates the 
average distance from the mean



Calculating the standard deviation

• Again, in this example

• Sum = $525,000

• N = 15

• Therefore, the mean 
(or average) income is

• $35,000  ($525,000/15)

Consider the income table 
that we worked with before.

Person Income

Byron 10,000

Louise 12,000

Greg 20,000

Anne 23,000

Derek 28,000

Sonya 29,000

James 34,000

Brendan 34,000

Tim 34,000

Mark 34,000

Patrick 38,000

Will 45,000

Lara 50,000

Harry 56,000

Jocelyn 78,000

N = 15 SX = $525,000



Calculating the standard deviation

STEP 1: The standard 
deviation measures the 
deviation between a 
typical score and the 
mean, so the first step 
in calculating it is to 
determine the deviation 
of each observed score 
from the mean

Note: The mean (or 
average) income is 
$35,000

Person Income Deviation from Mean

Byron 10,000 -25,000

Louise 12,000 -23,000

Greg 20,000 -15,000

Anne 23,000 -12,000

Derek 28,000 -7,000

Sonya 29,000 -6,000

James 34,000 -1,000

Brendan 34,000 -1,000

Tim 34,000 -1,000

Mark 34,000 -1,000

Patrick 38,000 3,000

Will 45,000 10,000

Lara 50,000 15,000

Harry 56,000 21,000

Jocelyn 78,000 43,000

N = 15 X = 525,000 Sum of Deviations = 0



Calculating the standard deviation

• Consider deviations 
from the mean

• Note that the sum of 
all of these deviation 
scores is 0 

• Therefore calculating 
an average of all of 
the deviations is of no 
use

Person Income Deviation from Mean

Byron 10,000 -25,000

Louise 12,000 -23,000

Greg 20,000 -15,000

Anne 23,000 -12,000

Derek 28,000 -7,000

Sonya 29,000 -6,000

James 34,000 -1,000

Brendan 34,000 -1,000

Tim 34,000 -1,000

Mark 34,000 -1,000

Patrick 38,000 3,000

Will 45,000 10,000

Lara 50,000 15,000

Harry 56,000 21,000

Jocelyn 78,000 43,000

N = 15 Sum = 525,000 Sum of Deviations = 0



Calculating the standard deviation
STEP 2: It is necessary to get rid of the negatives. One way 
to do this is to square each of the differences found in Step 
1 and then finding the sum of the squared deviations
Person Income Deviation from Mean Deviations from Mean squared

Byron 10,000 -25,000 625,000,000

Louise 12,000 -23,000 529,000,000

Greg 20,000 -15,000 225,000,000

Anne 23,000 -12,000 144,000,000

Derek 28,000 -7,000 49,000,000

Sonya 29,000 -6,000 36,000,000

James 34,000 -1,000 1,000,000

Brendan 34,000 -1,000 1,000,000

Tim 34,000 -1,000 1,000,000

Mark 34,000 -1,000 1,000,000

Patrick 38,000 3,000 9,000,000

Will 45,000 10,000 100,000,000

Lara 50,000 15,000 225,000,000

Harry 56,000 21,000 441,000,000

Jocelyn 78,000 43,000 1,849,000,000

N = 15 X = 525,000 Sum of Deviations = 0 Sum of Squared Deviations = 4,236,000,000



Calculating the standard deviation

Scores of Number

Deviations  Squared of Sum
Variance

STEP 3: The variance is 
determined by dividing the 
sum of the squared deviations 
by N or the number of cases      

Person Income Deviation from Mean Deviations from Mean squared

Byron 10,000 -25,000 625,000,000

Louise 12,000 -23,000 529,000,000

Greg 20,000 -15,000 225,000,000

Anne 23,000 -12,000 144,000,000

Derek 28,000 -7,000 49,000,000

Sonya 29,000 -6,000 36,000,000

James 34,000 -1,000 1,000,000

Brendan 34,000 -1,000 1,000,000

Tim 34,000 -1,000 1,000,000

Mark 34,000 -1,000 1,000,000

Patrick 38,000 3,000 9,000,000

Will 45,000 10,000 100,000,000

Lara 50,000 15,000 225,000,000

Harry 56,000 21,000 441,000,000

Jocelyn 78,000 43,000 1,849,000,000

N = 15 X = 525,000 Sum of Deviations = 0 Sum of Squared Deviations = 4,236,000,000

0282,400,00
15

0004,236,000,
Var 



Calculating the standard deviation

STEP 4: Finally, it is necessary to make a correction for 
squaring all of the deviations. This is done by finding the 
positive square root of the variance

Standard Deviation     =     Variance

=    282,400,000

=  16,804.76

The standard deviation of the 15 income scores from the 
mean of the entire distribution ($35,000) is $16,804.76



Calculating the standard deviation of a 

sample

• If the formulas given before are used to calculate 
the variance and standard deviation of a sample 
rather than a population, the true variability of 
the sample will be underestimated

• In order to correct for this bias, a slight 
adjustment to the formulas used to calculate the 
variance and standard deviation must be made 
before applying them to a sample 



Calculating the standard deviation of a 

sample

1scores ofnumber 

deviations  squared of sum
 variancesample




sample standard deviation =  sample variance



Standard deviation and the normal 

distribution

• The normal distribution 
is an excellent model 
for many naturally 
occurring distributions 
and has many features 
that are extremely 
useful for the analysis 
of probabilities in 
populations

• The normal distribution 
is often referred to as 
the “bell curve”



The normal distribution

68% of values

-1.96σ 1.96σ



Some properties of the normal distribution

• It is symmetrical, so the mean,
the median, and the mode are
all the same

• 68% of all of the observations in 
the distribution fall within ± 1 standard deviation of 
the mean

• 95% of all of the observations in the distribution fall 
within ± 2 standard deviations of the mean

• 99.7% of all of the observations in the distribution fall 
within ± 3 standard deviations of the mean



SECTION 3  

• Inferential statistics



Topics in inferential statistics

1. Going from sample to population

• Sampling and sampling error

• The distribution of sample means

• Estimating the population mean from a sample

• Margins of error, confidence intervals and coefficients 

of variation

2. Hypothesis testing

• An overview of hypothesis testing 

• An example of hypothesis testing: the Z-test



SECTION 3.1

• Going from the sample to the population



Sampling and sampling error

• In most cases, data for the entire population under study is not 
available. Instead, data from a sample of the population is 
required

• Using data from a sample introduces sampling error. One of 
the goals of inferential statistics is to quantify this sampling 
error

• Therefore, it is important to know

• the interval around the true value where the estimate is likely be 
found, and

• the probability that it is actually within that interval



Sampling error, variability, and the 

distribution of sample means

• Samples are generally not identical to their 
populations of selection. The differences or error 
between a sample and its population is referred to 
as the sampling error

• Different samples drawn from the same population 
are likely to be different. The difference between 
samples is known as sampling variability

• The distribution of sample means is the collection of 
sample means for all possible random samples of a 
particular size (n) that can be obtained from a 
population



The distribution of sample means

• As more and more samples are drawn, the 
distribution of sample means gradually becomes a 
normal distribution provided that either 
• 1) the population from which

the samples are selected
is a normal distribution, or

• 2) The sample (n) > 30 

• The value of the mean of all of the samples 
gradually approaches the value of the mean of the 
population



What about the variability of the distribution 

of sample means?

• The standard deviation of the distribution of 

sample means is called the standard error

• The standard error is an extremely valuable 

measure because it shows how well a sample 

mean estimates the actual population mean



Factors affecting the standard error

size sample

deviation standard
SE 

• There are three things that can affect the value of 

the standard error.  They are

• the variability or standard deviation of the sample,

• the size of the sample, and

• the proportion of the population represented by the sample 

(much less important than the other two)

• The formula for the estimated standard error (SE) is:



Using the standard error: Example comparing 

to the population mean 

• Patients recovering from an appendix operation 
normally spend an average of 6 days in the hospital.  
A local hospital is trying a new recovery program. A 
random sample of 100 patients is taken from the 
new program and it is determined that patients are 
released on average 5 days after the operation with 
a standard deviation of 3 days

• On the basis of these data, can the hospital 
conclude that the new program is effective in 
reducing recovery times?



Using the standard error: Example comparing 

to the population mean 

size sample

deviation standard
SE 

SE = 0.3

30
10

3

100

3
.SE 



What does this mean? 
As sample means are normally distributed, the sample mean has a 68% 

likelihood of being within ± 1 SE of the population mean, a 95% 

likelihood of being within ± 1.96 SE’s of the population mean and a 

99.7% likelihood of being within ± 3 SE’s. Therefore, if the patients in 

the new program are on average released 5 days after the operation,

• Those responsible for the new program can be 68% confident that 

the average release time for all patients in the new program is 5 

days ± 0.3 days;

• They can be 95% confident that the average release time for all 

patients in the new program is 5 days ± 0.6 days

• They can be 99.7% confident that the average release time for all 

patients in the new program is 5 days ± 0.9 days



Margin of error

• The margin of error indicates the range of values 

associated with a survey estimate at a given 

level of precision, for example 95%

• Example: According to a (hypothetical) national 

survey of 500 men aged 40-60, 75% of 

respondents have extremely high blood pressure 

and these results are subject to a margin of error 

of 5 percentage points, 19 times out of 20



Margins of error for commonly-used 

confidence levels

• The margin of error for a confidence level of 90% 

is 1.65 times the standard error

• The margin of error for a confidence level of 95% 

is 1.96 times the standard error

• For a confidence level of 99%, the margin of 

error is 2.58 times the standard error



Margin of error

-4 -3 -2 -1 0 1 2 3 4

"True value"

90%

95%

1 standard

error

99%



Margin of error and confidence interval 

• Confidence intervals are another way of presenting the range 
associated with a survey estimate at a certain level of confidence

• Example: According to a hypothetical national survey of 500 men 
aged 40-60, 75% have high blood pressure - these results are 
subject to a margin of error of 5 percentage points, 19 times out of 
20

• Therefore, the confidence interval of this estimate is as follows:

• 70% to 80% of men aged 40-60 have high blood pressure based on 
the survey results at a 95% level of confidence



Coefficient of variation

• Together with the margin of error and the confidence 
interval, the coefficient of variation (C.V.) is a third 
way of presenting the sampling error of a survey 
estimate

• The C.V. is the standard error of the estimate divided 
by the estimate itself

• The main advantage of using C.V.’s is that they are 
dimensionless, which allows for comparisons 
between variables



Coefficient of variation: Example

10
40

4
.

• Consider the following: 

• You conduct a survey of people in your neighbourhood and find 
that the average age is 40 years with a standard error of 4 years

• The coefficient of variation for your estimate would be

• or 10% of the estimated value



How large should the sample be?
Population 

Size

Sample Size

50 44

100 80

500 222

1,000 286

5,000 370

10,000 385

100,000 398

1,000,000 400

10,000,000 400

Preliminary estimate 
=  50%

Desired margin of 
error  =  +/- 5%

Desired confidence 
level  =  95%



Final comments on sampling and sampling 

error

• If you are a user of statistics:

• Beware of any estimate where measures of the 

associated sampling error are unavailable.

• If you are a producer of statistics, then:

• It is important to assess the measures of sampling 

error associated with your estimates. It is also 

important to provide suggestions to your data users 

on interpretation.



SECTION 3.2

• Hypothesis testing



What you are likely to see in an academic 

journal

• The results were statistically significant at the 
95% level

• Population #2 has a statistically significantly 
higher average weight, with p-value < 0.05

• There is a statistically significant relationship 
between smoking and incidence of cancer; p = 
0.0281



Hypothesis testing

• This is the formal name for testing your question by 

using statistics and probabilities

• It is used to distinguish 2 or more populations based 

on calculated statistics for variables of interest

• For example: population mean and population variance 

• Researchers will employ standardized statistical 

tests to make comparisons between populations

• Each type of statistical test is used to answer a 

different type of question



Hypothesis testing

• Hypothesis testing requires the development of 

two mutually exclusive constructs:

• H0: Null hypothesis

 H0 can be thought of as an argument that one wishes to 

disprove

• HA: Alternative hypothesis

 HA covers all other possibilities that H0 does not cover. The 

data were collected in the hopes of supporting this theory



Overview of hypothesis testing

• Some questions to ask when comparing 

sample estimates:

• Are the populations the same or different with 

respect to the variable of interest?

• Are the differences due to chance variation?

• How “different” is different actually?



Errors in hypothesis testing

DECISION

Type II errorCorrect decision
Do not 

reject H0

Correct decisionType 1 errorReject H0

Actually falseActually true

NULL HYPOTHESIS H0
Possibility 

Matrix



Type I and type II error

• It is difficult to address both types at the same 

time

• As the probability of a type I error decreases, the 

probability of a type II error increases

• Usually type I error is given greater 

consideration

• Do not jump to conclusions. Only move to reject 

the H0 when there is a strong indication of effect



Example of a hypothesis test: The Z-Test

• Features of the Z-test

• Used to determine whether or not your survey mean 

is significantly different from that of a population

• Used when information on the standard deviation of 

the population is available or estimated from the 

sample and the sample is large enough (rule of 

thumb: sample size greater than 30 or n > 30)



Steps in the Z-Test

• STEP 1
• State the null and alternate hypotheses

• STEP 2
• Calculate the standard error of the estimate

• STEP 3
• Calculate the Z-test statistic

• STEP 4
• Interpret the results



Z-test example

Consider a hypothetical survey of 64 two-year-old children whose mothers smoked at 

least one pack of cigarettes per day during pregnancy. The survey data indicates the 

following:

Average weight of two-year-old children in the survey  = 27 lbs

Average weight of two-year-old children in the population = 28 lbs

Standard deviation of children in the population = 4 lbs

We may wish to ask the following: 

• Is there a significant difference in the average weight of children in our survey 

population and children in the general population?

• Is there a relationship between the smoking behaviour of mothers during 

pregnancy and the weight of their children at 2 years of age? 



STEP 1: State the hypotheses

• H0: There is no relationship between the smoking 
behaviour of mothers during pregnancy and the 
weight of their children at 2 years of age

• HA: There is a relationship between the smoking 
behaviour of mothers during pregnancy and the 
weight of their children at 2 years of age

• A statistical test will provide the statistical grounds by 
which one may reject or not reject H0



STEP 2: Calculate the standard error of the 

estimate

size sample

deviation standard
SE 

• The formula for the standard error (SE) is:

50
8

4

64

4
.SE 

50.SE 



STEP 3: Calculate the Z-Test Statistic

2
50

1

50

2827








..
Z

• The formula for the “Z” test statistic is:

error standard

Mean Population– mean  sample
Z 

Therefore, in our example:

What does this mean?Z   =  -2



STEP 4: Interpret the result
We calculated a z-score of -2.0 which falls (barely) in the “critical 
region” beyond the middle 95% of the distribution.  By definition, the 
critical region includes only the most extreme 5% of all of the possible 
sample means

-4 -3 -2 -1 0 1 2 3 4

“Z scores"

Middle 95%

Fail
To reject H0

1 Z score

Reject H0 Reject H0
Our 

score
Z = -2



STEP 4: Interpret the result

• Since our z-score (-2) falls in the critical region, based on an 
of 5%, we can reject the H0 that mothers smoking 1+ pack of 
cigarettes per day has no effect on the weight of their two-year 
old children

• The middle 95% of the distribution consists of samples with 
means within 1.96 standard errors of the population mean

• If we had calculated a Z score of between - 1.96 and 1.96, we 
would not have been able to reject the H0 that smoking 
behavior has no effect on the weight of two-year old children



SECTION 4

Searching for relationships between variables

1. Graphs and cross-tabulations

2. Correlation 

3. Chi-square (2) test of independence



Searching for relationships between 

variables

• So far, the focus has been on one variable at a time, 

but it is often necessary to study the relationship 

among a number of variables at a time

• For example, what effect does education have on income?

• Some of the primary statistical techniques to help us 

search for the relationships among variables include

• graphs and cross-tabulations,

• correlations and regressions



SECTION 4.1

• Graphs and cross-tabulations



Graphical display: Scatter-plots

• Viewing two variables together on a scatter-plot 

is an easy way to begin examining the extent 

and the nature of a relationship between the 

variables



Scatter-plot example

Is there a relationship between height and weight?
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Cross-tabulations

• Another useful way to study and present two 

variables at once is by using cross-tabulations

• Cross-tabulations are effective if each variable 

has few categories

• Variables with many categories and continuous 

variables usually need to be grouped



Example: Do men have faster reflexes than 

women?

Reaction Time (ms) Male Female

Fast Normal (<350) 690 595

Slow Normal (350 – 500) 490 550

Lapse in vigilance (>500) 100 135

Total 1280 1280



Cross-tabulations (cont.)

• Be cautious when drawing conclusions from 
frequency counts

• Tables only display the raw data values for each 
category

• Counts should be converted to percentages

• Often you may require more information than what is 
presented



Is age important?

7525610255350400245600Total

40158535525525>500

20534513512015565195350-500

15518085225220175380<350

FemaleMaleFemaleMaleFemaleMaleFemaleMale
Reaction 

time (ms)

75+55-7435-5415-34



Percent distribution

100%100%100%100%100%100%100%100%Total

53%60%14%14%1%6%2%4%>500

27%20%57%53%34%39%27%33%350-500

20%20%30%33%64%55%71%63%<350

FemaleMaleFemaleMaleFemaleMaleFemaleMale
Reaction 

time (ms)

75+55-7435-5415-34



SECTION 4.2

• Correlation



What is correlation?
• Correlation is a statistical technique that is used 

to measure the linear relationship between two 
variables

• To compute a correlation, paired values are 
required for each unit, individual or event, in the 
population or sample

• Correlation allows further predictions to be made 
about individuals or events



Correlation
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There seems to be a relationship between the height and 

weight of the individuals in the sample, but what is the 

direction and strength of the relationship between these 

two variables?

A correlation 

can help 

us determine the linear 

relationship (if any)

between 

2 variables!



Calculating correlation coefficients

• There are many different types of correlation coefficients 

that can be calculated, but Pearson’s Correlation 

Coefficient is the most popular

• It measures the degree and distribution of the linear 

relationship between two variables. It is quite time-

consuming to calculate manually but easy to calculate 

with a computer

• r = 
𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑜𝑓 𝑥 𝑎𝑛𝑑 𝑦

(𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑥)(𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑥)

http://network.realmedia.com/RealMedia/ads/click_nx.ads/lycosangelfire/ros/728x90/wp/ss/a/400148@Top1?x
http://network.realmedia.com/RealMedia/ads/click_nx.ads/lycosangelfire/ros/728x90/wp/ss/a/400148@Top1?x
http://network.realmedia.com/RealMedia/ads/click_nx.ads/lycosangelfire/ros/1x1/wp/ss/a/12726035@Position3?
http://network.realmedia.com/RealMedia/ads/click_nx.ads/lycosangelfire/ros/1x1/wp/ss/a/12726035@Position3?
http://network.realmedia.com/RealMedia/ads/click_lx.ads/lycosangelfire/ros/1x1/wp/ss/a/699554813/Position3/OasDefault/DEF2004020008_Lycos_1x1a/1x1.gif/38656365303230633430343864323030?
http://network.realmedia.com/RealMedia/ads/click_lx.ads/lycosangelfire/ros/1x1/wp/ss/a/699554813/Position3/OasDefault/DEF2004020008_Lycos_1x1a/1x1.gif/38656365303230633430343864323030?


Other (non-linear) types of correlations

Y

X

Parabolic 

Correlation

e.g. Beer consumption by 

age

Y

X

Logarithmic 

Correlation

e.g. Proportion of income 

spent on necessities by income level

Y

X

Exponential 

Correlation

e.g. Rabbit population 

by time (Australia)



The nature of the relationship

Correlations, assuming they are linear, can be classified 
into 2 basic categories: positive and negative

• In a positive correlation, the two variables tend to move in the 
same direction

• Example: When the value of one variable increases, the 
value of the other variable also increases

• In a negative correlation, the two variables tend to move in 
opposite directions

• Example: When the value of one variable increases, the 
value of the other variable decreases



• Example of a positive correlation,
where the two variables tend to move in 
the same direction

• Example of a negative correlation,
where the two variables tend to move in 
opposite directions

• Example of no correlation, where there 
is no identifiable relationship between the 
values of the two variables
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Which graph appears to have a stronger 

correlation between variables?
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The strength of the relationship

• A correlation also measures how well the data fit the 

specific form being considered, i.e. linear data

• A perfect fit is identified by a correlation of +/-1.00,

whereas a correlation of 0 means no fit at all

• For linear correlations, a perfect  positive correlation has 

a value of r = +1.00, whereas a perfect negative 

correlation has a value of r = -1.00



Interpreting correlation coefficients

+

-

Correlation coefficient Interpretation

+1.00 perfect positive correlation

0.80 to 0.99 very strong positive correlation

0.60 to 0.79 strong positive correlation

0.40 to 0.59 moderate positive correlation

0.20 to 0.39 weak positive correlation

-0.19 to 0.19 probably no correlation

-0.39 to -.20 weak negative correlation

-0.59 to -.40 moderate negative correlation

-0.79 to -.60 strong negative correlation

-0.99 to -.80 very strong negative correlation

-1.00 perfect negative correlation



Correlation example



Interpreting correlation coefficients 

Two more points...

1) To determine the extent that one variable accurately 

predicts the other, you must square the correlation. For 

example, if two variables have a correlation of 0.5, then 

each variable can predict the other with 25% accuracy

2) The strength of a correlation coefficient does not relate 

directly to its value as a statistic on its own.  Context 

is extremely important



Interpreting correlation coefficients

Finally, correlation does NOT imply causation!

Example: It has been noticed that there is a very high 

positive correlation between the size of a child’s hands and 

quality of his or her handwriting. Does this strong positive 

correlation mean that:

1) bigger hands can hold a pen more steadily; or

2) practice in writing makes hands bigger; or

3) there is some other mysterious factor at work here.



SECTION 4.3

Hypothesis Testing with More than One Variable

• The Chi-square (2) test of independence



The Chi-square (2) test of independence

• Features of the Chi-square test

• Analysis tool for categorical data

• May be used with variables that have more than two 

categories

• Allows us to test for significant differences between 

proportions

• An extremely popular statistical test in the social 

sciences



Example: Chi-square (2) test of 

independence

• Consider the data on reaction time for male 

subjects aged 15 to 54 in the table in the next 

slide. The data are the observed frequencies.



1000400600Total

502525>500

350155195350-500

600220380<350

Total35-5415-34 

Age groupReaction 

Time (ms)

Observed Frequencies of Male Subjects



Example: Chi-square (2) test of 

independence

• Is there any relationship between the male age 

cohorts and their reaction time categories?

• We can see that a larger proportion of younger 

men are in the fast-normal category as 

compared to the older men

• Is this a significant difference?



Example: Chi-square (2) test of 

independence

• H0: There is no relationship between age and 

reaction time

• HA: There is a relationship between age and 

reaction time

• To test this hypothesis expected frequencies 

must be calculated 

• How many of the 1000 subjects would we expect 

to fall into each category?



Formula for calculating expected 

frequencies

Expected Frequencies = [(Row Total) x (Column Total)] 

Grand Total

In the table, consider the cell intersecting 15-34 age group 
and <350ms:

(600 x 600) / 1000 = 360  

Therefore, the expected frequency of 15-34 males with 
reaction times <350ms is 360



1000400600Total

50
O: 25

E: 20

O: 25

E: 30
>500

350
O: 155

E: 140

O: 195

E: 210
350-500

600
O: 220

E: 240

O: 380

E: 360
<350

Total35-5415-34 

Age groupReaction 

Time (ms)

Observed  and Expected Frequencies



Example: Chi-square (2) test of 

independence

• It is likely that the observed values will not be 

exactly the same as the expected values

• How “close” is close?

• If there is no relationship between the variables under 

study, then the observed and expected values should 

be close to each other, or about the same;

• The chi-square statistic measures closeness, and 

then the statistics can be compared to the chi-square 

distribution



Formula for Calculating the Chi-square (²) 

Statistic:

 2

2





( )Observed Expected

Expectedcells



Example: Chi-square (2) test of 

independence

For the table on reaction times and age for males age 15 to 

54, the 2 statistic is calculated as follows:

2       202/360  (20)2/240  (15)2/210  152/140 

 (5)2/30  52/20

2       1.11  1.67  1.07  1.61  0.83  1.25

2       7.54

Now what? A Chi-square table must be used.  However, 

before doing so, some additional information is required



Example: Chi-square (2) test of 

independence - degrees of freedom

• Use a Chi-square table to compare the test 
statistic to a critical value

• The critical value is chosen based on the 
“degrees of freedom” 

• Degrees of freedom are calculated from the 
number of rows and columns in the observed 
frequency table

• Degrees of freedom = (Rows -1) x (Columns -1)
• Example:  (3 -1) x (2 -1) = 2 degrees of freedom



Critical points for ²  
df 0.1 0.05 0.025 0.01

1 2.706       3.841       5.024       6.635       

2 4.605       5.991       7.378       9.210       

3 6.251       7.815       9.348       11.345     

4 7.779       9.488       11.143     13.277     

5 9.236       11.070     12.833     15.086     

6 10.645     12.592     14.449     16.812     

7 12.017     14.067     16.013     18.475     

8 13.362     15.507     17.535     20.090     

9 14.684     16.919     19.023     21.666     

10 15.987     18.307     20.483     23.209     

15 22.307     24.996     27.488     30.578     

20 28.412     31.410     34.170     37.566     

25 34.382     37.652     40.646     44.314     

30 40.256     43.773     46.979     50.892     

35 46.059     49.802     53.203     57.342     

40 51.805     55.758     59.342     63.691     

45 57.505     61.656     65.410     69.957     

50 63.167     67.505     71.420     76.154     

100 118.498   124.342   129.561   135.807   

200 226.021   233.994   241.058   249.445   

500 540.930   553.127   563.852   576.493   

Proportion in Critical Region

Critical ²



Distribution of ² with 2 degrees of freedom

more than 5.991 
occurs less than
5%  of the time

more than 
9.210 occurs 
less than 1%  
of the time

more than 7.378 
occurs less than 
2.5% of the time

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0 1 2 3 4 5 6 7 8 9 10

Chi-squared values for 2 d.f.
Observed 
(calculated 
value) is 7.54 



Example: Chi-square (2) test of 

independence: Results

• A ² of 5.991 is exceeded in only 5% of cases, a ² 
of 7.348 is exceeded in only 2.5% of cases, while a 
² of 9.210 is exceeded in only 1% of cases

• The ² is 7.54

• It can be said that the ² of 7.54 is significant at just 
greater than the 2.5% level

• A value of this size (7.54) should occur less than 2.5 
times in 100 samples if there really was no 
difference in reaction time between younger and 
older men



Summary

1. Understanding data: Concepts and definitions

2. Descriptive statistics: Summarizing data

3. Inferential statistics: Going from the sample to the population
• Margins of error, confidence intervals and coefficients of variation

• Hypothesis testing: “statistically significant” differences

4. Searching for relationships between variables
• Graphs and cross-tabulations

• Correlation

• Hypothesis testing: The Chi-square (2) test of independence

Questions?



About the Statistical Information Service...

• The Statistical Information Service offers to data users a complete 

range of services. SIS assists data users:

• With simple and free data requests, technical and methodological questions;

• With complex requests requiring research, extraction or customization of 

data from multiple sources;

• By producing customized reports, analyses and maps;

• By offering standard and customized workshops for data users of all levels 

of expertise;

• Through various outreach activities such as webinars, newsletters, 

presentations, information sessions and open houses.

• For any questions, contact us:
• 1-800-263-1136

• STATCAN.infostats-infostats.STATCAN@canada.ca

mailto:STATCAN.infostats-infostats.STATCAN@canada.ca

